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(54) Driving circuit module 

(57) To suppress the increase of the cost and dimen- 
sions of an intelligent module which incorporates the 
control function with the driving circuit device having a 
bridge circuit for driving inverters etc. 

The module (70) has a rectangular base plate (30), 
along the long side of which are aligned power semicon- 
ductor elements (10). Chips of control input circuits (20) 
are displaced along the short side of the base plate (30), 
and arranged in close proximity to the corresponding 
semiconductor elements. Input terminals (P, N) and out- 
put terminals (U, V, W) are arranged on the long side of 
the base plate (30) along which the semiconductor ele- 
ments (10) are arranged. Control input terminals (Tc) are 
arranged on another long side of the base plate (30). The 
input and output terminals are connected via conductors 
(40) with the corresponding semiconductor elements 
(10). And, the control input terminals (Tc) are connected 
via a wiring board (50) with the corresponding control in- 
put circuits (20). 
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Description 

The present invention relates to driving circuit mod- 
ules and particularly concerns unitary devices which 
have a main circuit including a plurality of power semi- 
conductor elements connected in a bridge circuit for 
driving inverters etc 

Power converting apparatus such as inverters and 
the like are widely used lor driving motors etc Usually, 
the driving circuit devices for driving power converting 
apparatus are constructed as three-phase or two-phase 
bridge Cfrcu/ts. and comprise semiconductor power ele- 
ments such as insulated gate bipolar transistors, bipolar 
transistors. -field effect transistors etc In practice, it is 
quite convenient to incorporate the semiconductor pow- 
er elements integrally with related elements such as 
free-wheeling diodes etc into a module The semicon- 
ductor elements from which the module is made up may 
be individual elements mounted individually inside a 
package. However it is far more effective for reducing 
the size and cost of the dnvmg circuit modules to mount 
them as constituent semiconductor element chips on a 
base of the module anc then mount the base in a pack- 
age case to form a whole driving circuit module 

The conventional driving circuit modules have a 
metal base plate made of coppor or tno nko which shows 
high thermal conductivity Necessary numbers of elec- 
trode plates made of copper or the like are held on the 
metal base plate tnrough insulator plate made of ceramic 
etc which shows high thermal resistance Chips of the 
constituent elements such as transistors annexed di- 
odes etc . the constituents ol the module are mounted 
on and bonded with the electrode plnles Output and in- 
put terminals are connected witn the electrode plates 
through conductors The thus assembled driving circuit 
device is covered with or fitted into a moulded resin case 
A resin is mjecteo into the space between the case and 
the base plate, and hardened lo form a solid unitary mod- 
ule As is well known the driving circuit modules arc gen- 
erally used with their base plates fixed to an aluminium 
heat sink or radiator in tight thermal contact and with 
their cases mounted on an inverter etc 

It is necessary for using tie driving crcu t modules 
in various applications to incorporate a control circuit with 
the driving circuit mocule and to comnrvmc) detailed 
on-off operations of each semiconductor element consti- 
tuting the bridge circuit depending on the application 
and the stale of the load Therefore it hnbbecn required 
foi simplifying the overall stiucture of the system includ- 
ing the control circuit to construct the driving circuit as 
an intelligent module which executes at le«st some func- 
tions which the control circuit does 

Since the contrcl circuits may be electronic circuits 
which consume little electrical power tho rocont circuit 
integration techniques facilitate integrating tie control 
circuits into a very small chip, and mountirg the chip on 
a module although the contro circuit may do complcat- 
ed The most serious problem is that the control signal 



wiring is so complicated that it is necessary to lead out 
extra control signal lines for providing multi-purpose driv- 
ing circuit modules. 

The complexity of the wiring may be avoided by us- 
5 ing wiring boards. But the wiring board increases the 
size of the module to elongate the wiring length in the 
conventional module structures. The elongated wiring 
length increases the cost of compensating for the wiring 
inductance by installing one or more capacitors. Reduc- 
w tion of the space between the wiring conductors tends to 
cause malfunction by mutual interference of the control 
signals. Though the space may be reduced by using the 
base plate as the wiring board, it becomes very difficult 
to secure the withstand voltage between the high voltage 
is power semiconductor elements and the control circuit. 

In view of the foregoing, it is an object of the present 
invention to provide a driving circuit module, into which 
the control function is incorporated, and which facilitates 
shortening the internal wiring length of the control signal 
20 imes to suppress the increase of the size and cost of the 
module as much as possible. 

The above object is achieved, according to a first 
aspect, by a driving circuit module which comprises: 

a driving circuit device having a main circuit includ- 
es ing power semiconductor elements connected in a 
bridge circuit connected between a pair of power supply 
points: 

control input circuits for controlling the respective 
semiconductor elements: 
30 a rectangular base plate: 

chips of the semiconductor elements aligned in a 
row extending parallel to the long sides of the rectangular 
base plate: 

chips of the control input circuits aligned in a sec- 
35 ond row extending parallel to the long sides of the rec- 
tangular base plate and displaced from the correspond- 
ing semiconductor elements in the direction of the short 
sides of the rectangular base plate : 

input and output terminals of the main circuit ar- 
J o ranged along one of the long sides of the rectangular 
base plate the input and output terminals being connect- 
ed with the corresponding semiconductor elements via 
respective conductors: and 

control input terminals arranged along the other 
long side ot the rectangular base plate, the control input 
terminals being connected with the respective control in- 
put circuits via a wiring board 

According lo a second aspect, the above object is 
also achieved by a driving circuit module which compris- 
50 es 

a driving circuit device having a main circuit includ- 
ing power semiconductor elements connected in a 
bridge circuit connected between a pair of power supply 
points 

55 control input circuits for controlling the respective 

semiconductor elements: 
a square base plate 

chips of the semiconductor elements aligned in 
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rows parallel with a first pair ot the opposed facing sides 
of the square base plate; 

chips of the control input circuits aligned in rows 
parallel with the first pair of the sides of the squar base 
plate: 5 

input and output terminals of the main circuit ar- 
ranged in rows extending parallel to a second pair of the 
opposed facing sides of the square base plate, the input 
and output terminals being connected with the corre- 
sponding semiconductor elements via conductors: 10 

and control input terminals arranged along the first 
pair of the sides of the square base plate : the control in- 
put terminals being connected with the control input cir- 
cuits via wiring boards. 

It is preferable to mount the chips of the control input 1$ 
circuits on exclusive electrode plates disposed on the 
base plate separately from the chips of the semiconduc- 
tor elements, and connect the control input circuits with 
their corresponding semiconductor elements. 

II is preferable for avoiding complicated wiring be- 20 
tween the input and output terminals of the main circuit 
and the semiconductor elements to arrange the semi- 
conductor elements constituting the upper arm of the 
main circuit in a first area, and the semiconductor ele- 
ments constituting the lower arm of the main circuit in a 25 
second area separated from the first area. 

It is preferable for facilitating the mounting of the 
semiconductor elements to provide a first common elec- 
trode plate first individual electrode plates; a second 
common electrode plate: and second individual elec- 30 
trode plates, to arrange the semiconductor elements • 
constituting the upper arm of the main circuit on the first 
common electrode plate, connect the upper arm semi- 
conductor elements with the respective first individual 
electrode plates, and to arrange the semiconductor ele- 35 
ments constituting the lower arm of the main circuit on 
the respective second individual electrode plates., and 
connect the lower arm semiconductor elements with the 
second common electrode plate. 

H is preferable to connect one of the input terminals 40 
corresponding to the power supply points with the first 
common electrode plate, the other input terminal with the 
second common electrode plate and the output termi- 
nals m common with the respective first individual elec- 
trode plates and the respective second individual elec- -*s 
trode plates. 

It is preferable to form the input terminals and the 
output terminals at the ends of the respective conductors 
for connecting the input terminals and the output termi- 
nals with the corresponding electrode plates. so 

The control input terminals preferably include power 
supply terminals led out from the control input circuits for 
facilitating various applications of the modulo 

It is preferable to fit a case to the base plate, the 
case being shaped with a frame having a window corre- 55 
sponding to the mounting area of the base plate, in which 
the semiconductor elements and the control input termi- 
nals are mounted 
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It is advantageous, to obtain a solid and unitary mod- 
ule, to inject a liquid resin between the case and the base 
plate, and harden the liquid resin. 

The present invention provides an intelligent driving 
circuit module by adopting the following measures. Each 
of the semiconductor elements constituting the bridge 
circuit of the driving circuit is provided with an exclusive 
control input circuit which directly controls the pairing 
semiconductor element exclusively. The control input cir- 
cuits are mounted in the vicinity of their pairing semicon- 
ductor elements. The control input circuits are arranged 
in the periphery of the mounting area of the base plate, 
and the control input terminals are arranged in the pe- 
riphery of the base plate and in the vicinity of the corre- 
sponding control input circuits so that a small wiring 
board may be used which connects the control input ter- 
minals and the control input circuits via the shortest path. 
Thus, the dimensions of the module are reduced by the 
adoption of the small wiring board. Also, the cost of the 
module is reduced since the shortened wiring length al- 
lows the elimination of the conventional capacitor for 
compensating the wiring inductance. 

Briefly stated, in a first embodiment, the chips of the 
semiconductor elements are mounted in a row extending 
parallel with the long sides of the rectangular base plate 
in a first embodiment. The chips of the control input cir- 
cuits are displaced from the semiconductor elements in 
the direction of the short sides of the base plate and are 
mounted in a row extending parallel with the long sides 
of the base plate. The control input terminals are ar- 
ranged on the long side of the base plate adjacent the 
row of control input circuits. In a second embodiment, 
the chips of the semiconductor elements and the control 
input circuits are divided and mounted in opposed rows 
facing one another, the rows extending parallel with a 
pair of sides of a square base plate. The control input 
circuits are placed adjacent their corresponding semi- 
conductor elements, but displaced toward the periphery 
of the mounting area of the base plate. The control input 
terminals are also divided and arranged on the sides of 
the base plate along which the corresponding control in- 
put circuits are arranged. In the embodiments shown, the 
control input circuits are connected with the control input 
terminals via a wiring board or wiring boards. 

In the first embodiment, the input and output termi- 
nals of the main circuit are arranged along a long side of 
the base plate, parallel to the row in which the semicon- 
ductor elements are mounted. In the second embodi- 
ment, the input and output terminals of the main circuit 
are arranged on a pair of sides of the square base plate 
opposed to one another and extending perpendicularly 
to the rows of semiconductor elements. In both embod- 
iments, the input and output terminals arc connected 
easily with the semiconductor elements via conductors 
extending above the chip mounting area of the base 
plate without crossing the other conductors. 

By the above described configurations of the 
present invention, the input and output terminals, the wir- 
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ing board or boards, and control input terminals are ar- 
ranged by effectively utilising the peripheral space of the 
chip mounting area of the base plate. The first embodi- 
ment of the present invention reduces the module area 
to a minimum by arranging the input and output termi- 
nals, the wiring boards, and control input terminals on 
the long sides of the rectangular base plate. The second 
embodiment of the present invention reduces the mod- 
ule area to a minimum by distributing the input and output 
terminals, the wiring boards, and control input terminals 
to the four sides of the square base plate. The control 
input circuit as the key element of the present intelligent 
driving circuit module may be integrated into a small chip 
much smaller than the semiconductor element chip. 
Thus, the chip mounting area of the module may in- 
crease by 10% at most even when the control function 
is distributed to a plurality of control input circuits dis- 
posed so as to correspond to the semiconductor ele- 
ments. 

The present invention will now be explained in detail 
with reference to the accompanying drawings, in which 
the preferred embodiments of the present invention are 
illustrated. In the Figures: 

Figure 1 (a) is a top plan view showing the mounted 
state of the chips of a first embodiment of the present 
invention; 

Figure 1 (b) is a top plan view showing the terminal 
arrangement and connections of the first embodi- 
ment of the present invention; 

Figure 1 (c) is a top plan view showing the module 
mounted inside the case of the first embodiment of 
the present invention; 

Figure 2(a) is a top plan view showing the mounted 
state of the chips of a second embodiment of the 
present invention: 

Figure 2(b) is a top plan view showing the terminal 
arrangement and connections of the second embod- 
iment of the present invention: 

Figure 2(c) is a top plan view showing the module 
mounted inside the case of the second embodiment 
of the present invention, and 

Figure 3 is a circuit diagram showing the driving cir- 
cuit having a bridge connection and mounted on the 
module of the first embodiment or the second 
embodiment. 

Referring now to Figure 3, the first and second em- 
bodiments will now be explained to facilitate understand- 
ing. 

Figure 3 shows a three-phase bridge circuit corre- 
sponding to a driving circuit of an inverter for driving a 



three-phase motor. The circuit of Figure 3 includes a 
braking circuit for absorbing the energy stored in the in- 
ductance on the side of the load such as a motor A sem- 
iconductor elements 10 constituting the bridge circuit of 
5 Figure 3 are insulated gate bipolar transistors. As usual, 
each upper arm semiconductor element 1 0 is connected 
in series with a pairing lower arm semiconductor element 
10. Three pairs of the upper and lower arm semiconduc- 
tor elements are connected in parallel between a positive 
io input terminal P and a negative input terminal N of a DC 
power supply. The collector of each of the upper arm 
semiconductor elements 10 is connected with the posi- 
tive input terminal P, while the emitter of each of the lower 
arm semiconductor elements 10 is connected with the 
'5 negative input terminal N. The emitter of each of the up- 
per arm semiconductor elements 10 is connected with 
the collector of its respective lower arm semiconductor 
element 10. Three output terminals U, V, and V are lead 
out individually from the connection points between the 
respective pairs of semiconductor elements of the upper 
and lower arms. A free wheeling diode 11 is connected 
in reverse parallel with each semiconductor element 10. 

The present invention connects a control input cir- 
cuit 20 shown by a rectangular block to the gate of each 
semiconductor element 10. The control input circuit 20 
includes a gate driving circuit which directly drives the 
semiconductor element 10. A pair of power supply ter- 
minals Tc and a control signal terminal Tc are led out from 
each control input circuit 20 located on the upper arm. A 
pair of power supply terminals Tc and two control signal 
terminals Tc are led out from each control input circuit 20 
located on the upper arm. For increasing the freedom of 
the driving circuit module for various applications, three 
control input terminals Tc are independently led out from 
the upper arm control input circuit 20, and four control 
input terminals Tc are independently led out from the low- 
er arm control input circuit 20 in Figure 3. As shown in 
the figure, connections are made to the power supply ter- 
minals Tc independently led out of the control input cir- 
cuits 20 outside the module as shown by the fine lines 
in the Figure, except that the negative power supply ter- 
minals of the control input circuits 20 located on the up- 
per arm side are connected inside the module with the 
emitters o1 the corresponding semiconductor elements 
10. 

A semiconductor element 12 with a small capacity 
shown on the left hand side of the Figure 3 is disposed 
for braking as described earlier. A diode 1 3 is connected 
in reverse parallel with the semiconductor element 12. 
An emitter of the semiconductor element 1 2 is connected 
with the negative input terminal N. A braking terminal B 
is led out from a collector of the semiconductor element 
12. The semiconductor clement 12 is provided with a 
control input circuit 20 having four control input terminals 
Tc When the semiconductor element 12 is turned on by 
the gate control of the corresponding control input circuit 
20. a current flows through a braking resistor (not shown) 
connected between the positive input terminal P and the 



25 



30 



35 



40 



45 



50 



3NSDOC1D <EP„ 0697732A2 I > 



4 



t 



7 EP 0 697 

braking terminal B. In association with this current flow, 
the stored energy is absorbed from the load side via the 
diodes 11 of the bridge circuit. A diode 14 is fixed be- 
tween the terminals P and B for free wheeling when a 
reverse current is caused during the baking operation. s 

Referring now to Figures 1 (a), 1 (b) and 1 (c), Figure 
1(a) shows the mounted state of the chips. Figure 1(b) 
shows the terminal connections, and Figure 1(c) the 
module mounted inside a case. As shown in Figure 1 (a) : 
a base 30 is formed with a rectangular shape. Semicir- to 
cular cutouts are formed on a long side of the base 30 
to accept the input and output terminals. Quad- 
rant-shaped cutouts are formed at the four corners of the 
base 30 for fixing the module. The base 30 comprise a 
thick metal plate made of copper or the like, which shows is 
high thermal conductivity. In Figure 1 (a), two rectangular 
ceramic insulator plates 32 are arranged side by side 
with their long sides aligned in the central part of the base 
30, and fixed securely to the base 30 : as for example by 
brazing or by soldering. The insulator plate 32 is made 20 
of alumina or the like. Metal electrode plates with various 
shapes are arranged in the predetermined locations on 
the insulator plate 32. The metal electrode plates are 
made of copper or the like, which shows high electrical 
conductivity. The metal electrode plates are fixed to the 2S 
insulator plate 32 with their upper faces positioned on 
the same level. 

The upper arm of the bridge circuit is mounted on 
the insulator plate 32 shown on the right hand side of the 
Figure This insulator plate 32 supports three semicon- 30 
ductor elements 10, three diodes 11, a common elec- 
trode plate 33 common to the semiconductor elements 
10 and the diodes 11, and three individual electrode 
plates 34. 

The lower arm of the bridge circuit is mounted on the 35 
insulator plate 32 shown on the left hand side of the Fig- 
ure. The lower arm insulator plate 32 supports a common 
electrode plate 35 and three individual electrode plates 
37. In addition, the lower arm insulator plate 32 supports 
a second electrode plate 37 for the braking semiconduc- *o 
tor elements 12, and electrode plates 39 for four control 
input circuits 20 including the one for braking. 

According to the present invention, it is preferable to 
mount the chips of the semiconductor elements and the 
respective control input circuits in close proximity. Spe- 45 
citically. the semiconductor elements 10 are aligned in a 
row extending parallel with the long sides of the base 30, 
and the corresponding control input circuits 20 are posi- 
tioned adjacent their corresponding semiconductor ele- 
ments 1 0 in a row extending parallel with the long sides so 
of the base and displaced in the direction of the short 
sides of the base 30 from the row of semiconductor ele- 
ments 10, as shown in Figure 1(a). 

Due to this arrangement, three semiconductor ele- 
ments 10 of the upper arm are aligned in the lateral di- 55 
rection of Figure 1(a), and are soldered to the common 
electrode plate 33 Since the semiconductor element 10 
is a vertical power semiconductor element having itscol- 
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lector on the undersurface of th chip, th collector is 
connected with the common electrode plate 33 at th 
same time as the semiconductor element 1 0 is mounted 
on the common electrode plate 33. Therefore, the 
mounting of the semiconductor element 10 is completed 
by connecting its emitter with the individual electrode 
plate 34, and its gate with the control input circuit 20 by 
wire bonding. It is preferable to mount the diodes 11 in 
the neighbourhood of their corresponding semiconduc- 
tor elements 10. The diodes 11 are connected with the 
respective individual electrode plates 34 by wire bonding 
after the diodes 1 1 are mounted on and fixed to the com- 
mon electrode plate 33. It is preferable to insert the elec- 
trode plates 38 for the control input circuits 20 in the re- 
cesses formed in the periphery of the common electrode 
33. An integrated circuit of the control input circuit 20 may 
be incorporated into the chip of the semiconductor ele- 
ment 10, since the semiconductor element 10, although 
designed lor the power application, very often has re- 
peated fine unit structures built in by the techniques of 
manufacturing the highly integrated circuits. 

Three semiconductor elements 10 of the lower arm 
are aligned along the long side of the base 30, and the 
respective diodes 1 1 are disposed in the neighbourhood 
of the corresponding semiconductor element. On the 
lower arm side, the chips of each semiconductor element 
10 and the corresponding diode 11 are mounted on the 
individual electrode 36, and are connected with the com- 
mon electrode plate 35 by wire bonding. The braking 
semiconductor element 12 is mounted on the electrode 
plate 37 and bonded to the common electrode plate 35. 
The diode 13 which the semiconductor element 12 ac- 
companies is mounted on the common electrode plate 

33 on the upper arm side and connected with the elec- 
trode plate 37 on the lower arm side by wire bonding. 

On the lower arm side too, the control input circuits 
20 are mounted on the respective electrode plates 38 
disposed immediately below (as seen in the Figure) the 
individual electrode plates 36 or plate 37 so that the con- 
trol input circuits 20 may be positioned in the closest 
proximity to their corresponding semiconductor ele- 
ments 10 and 12. The control input circuits 20 are con- 
nected with the corresponding semiconductor elements 
1 0 and 1 2 by wire bonding. The upper arm common elec- 
trode plate 33 and the lower arm individual electrode 
plates 36 on which the chips are mounted in the vertical 
centre of the insulator plates 32. The electrode plates 38 
for mounting the chips of the control input circuits 20 are 
arranged in the lower parts of their respective insulator 
plates 32, and the upper arm individual electrode plates 

34 and the lower arm common electrode plate 35, to 
which no chips are mounted, are arranged in the upper 
parts of their respective insulator plates 32. By this ar- 
rangement, the chip mounting area of the base 30 can 
be confined in a small area without leaving any unused 
area. 

Referring now to Figure 1 (b), Figure 1 (b) shows the 
terminals of the module led out from the chip mounting 
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area. The input and output terminals of the main circuit 
of the first embodiment are aligned as shown in the Fig- 
ure on the long side of the base 30 opposite to the long 
side near which the control input circuits 20 are arranged. 
It is preferable for leading out the terminal to use a copper 
conductor 40 on one end of which the terminal is formed. 
The conductor 40 is connected with a predetermined 
electrode plate located in the chip mounting area by sol- 
dering More specifically, the conductors 40 for the input 
terminals P and N are connected with the common elec- 
trode plates 33 and 35, respectively at the positions in- 
dicated in Figure 1(b) by X symbols. The conductor 40 
for the braking terminal B is connected with the electrode 
plate 37 located on the lower arm side. Each of the output 
terminals U, V ; and W is connected via a conductor 40 
to the corresponding individual electrode plate 34 on the 
upper arm side and to the corresponding individual elec- 
trode plate 36 on the lower arm side. Thus, the input and 
output terminals of the main circuit are connected by ef- 
fectively using only the spaces on and above the chip 
mounting area. 

In the first embodiment, the control input terminals 
Tc are aligned on the long side of the base 30 on the side 
on which the control input circuits 20 are arranged. The 
control input terminals Tc arc connected with the control 
input circuits 20 via a wiring board 50. In practice, it is 
preferable to dispose the control input terminals Tc in a 
part of the wiring board 50 as shown in Figure 1 (b). Since 
all the control input circuits 20 are aligned, the control 
input circuits 20 are connected easily with the control in- 
put terminals Tc via the wiring board 50 and bonding 
wires. Since the control input circuits 20 and the control 
input- terminals Tc are arranged on the same side of the 
base 30, the wiring board 50 may be a small one, and 
its internal wiring conductor lengths may be short. In the 
illustrated example, the control input terminals Tc are di- 
vided into two groups for the upper arm and the lower 
arm so as to shorten the wiring conductor lengths of the 
wiring board 50 as much as possible. If necessary, an 
integrated circuit for controlling the entire driving circuit 
device in addition to the control by the control input cir- 
cuits 20 may be mounted on the wiring board 50. 

Referring now to Figure 1(c), Figure 1(c) shows an 
almost completed module 70 in which the base 30 is tit- 
ted to a case 60. The case 60 is a moulded resin frame 
which has a window 61 substantially corresponding to 
the chip mounting area of the base 30. The case 60 has 
also a sheath 62 which surrounds the window 61 . Sep- 
aration walls 63 protrude from the sheath 62 for separat- 
ing the input and output terminals from each other. Fixing 
holes 64 are disposed in the four corners of the case 60. 
Since recesses are disposed on the back side of the case 
60 so that the case 60 may fit in with the outline of the 
base 30 the case 60 and the base 30 can be assembled 
as shown in the figure simply by fitting the case 60 and 
the base 30 to one another. Though Figure 1 (b) was ex- 
plained prior to Figure 1 (c) for the sake of clearer under- 
standing, it is preferable to fit the case 60 to the base 30 



of Figure 1(a), and to complet the assembly as shown 
in Fig 1 (c) by arranging the terminals and connecting 
them as explained with reference to Figure 1(b). Finally, 
a very solid driving circuit module 70 is obtained by in- 
5 jecting a liquid resin into the case 60 to fill the window 
61, and hardening the liquid resin. 

Figures 2(a), 2(b) and 2(c) show top plan views of 
the second embodiment of the present invention. In Fig- 
ures 2(a), 2(b) and 2(c), the same parts with those of 
10 Figures 1 (a), 1 (b) and 1 (c) are designated with the same 
reference numerals or symbols and their duplicated ex- 
planation will be omitted. Referring now to Figure 2(a), 
a base 30 of the second embodiment has an almost 
square main body 31 . An almost square insulator plate 
32 formed corresponding to the square main body 31 is 
bonded with the square main body 31 of the base 30. 
Chips of semiconductor elements 10 are mounted in two 
rows extending in parallel with a pair of opposed facing 
sides of the base 30 as shown in the figure. Control input 
circuits 20 are arranged on the upper side or the lower 
side of their corresponding semiconductor elements 10. 

The top half of the insulator plate 32 (as seen in the 
Figures) corresponds to the upper arm side, and the bot- 
tom half the lower arm side. Chips of three semiconduc- 
tor elements and associated diodes 11 are mounted on 
a common electrode plate 33 on the upper arm side. 
Chips of three semiconductor elements and associated 
diodes 11 are mounted on respective individual elec- 
trode plates 36 on the lower arm side Individual elec- 
trode plates 34 of the upper arm side and a common 
electrode plate 35 of the lower arm side are arranged 
between the common electrode plate 33 and the individ- 
ual electrode plates 36. The semiconductor elements 10 
of the upper arm are connected with their respective in- 
dividual electrode plates 34 by wire bonding, and the 
semiconductor elements 10 of the lower arm with the 
common electrode plate 35 by wire bonding. A long elec- 
trode plate 37 is arranged along the left side of the insu- 
lator plate 32. A semiconductor element 12 for braking 
is mounted on the bottom end of the electrode plate 37, 
and connected with the electrode plate 35 by wire bond- 
ing. A diode 13 associated with the semiconductor ele- 
ment 1 2 is mounted on the left end of the common elec- 
trode plate 33, and connected with the central part of the 
electrode plate 37 by wire bonding. Control input circuits 
20 of the upper arm are mounted on respective individual 
electrode plates 38 arranged immediately above the 
common electrode plate 33 and connected with the cor- 
responding semiconductor elements 1 0 by wire bonding. 
Control input circuits 20 of the lower arm are mounted 
on individual electrode plates 38 arranged immediately 
below the individual electrode plates 36 and the elec- 
trode plate 37, and connected with the corresponding 
semiconductor elements 10 and 12 by wire bonding. 

As shown in Figure 2(b), braking terminal B and in- 
put terminals P and N of the main circuit are arranged in 
a row on the left side of the base 30, extending perpen- 
dicularly to the alignments of the semiconductor ele- 
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merits 10 of the upper and tower arms. Output terminals 
U, V and W of the main circuit are arranged in a row on 
the right side of the base 30, extending perpendicularly 
to the alignments of the semiconductor elements 10 in 
the upper and lower arms. 5 

Control input terminals Tc are divided and arranged 
on the sides of the base 30 extending in parallel with the 
alignments of the semiconductor elements 1 0 Since the 
connection of the input and output terminals with the chip 
mounting area via conductors 40 is done in the similar io 
manner as in the first embodiment, its explanation is 
omitted. Two wiring boards 50 are used in the second 
embodiment for mounting the control input terminals Tc. 
One of the wiring boards 50 is arranged in the upper part 
of the base 30. and the other one in the lower part of the is 
base 30. The control input terminals Tc are constructed 
as a part of the wiring boards 50. The wiring boards 50 
are small enough to shorten the internal wiring length as 
in the first embodiment. Since the as assembled module 
shown in Figure 2(c) is almosl same as that shown in 20 
Figure 1(c) except the module is square in the second 
embodiment, the explanation referring to Figure 2(c) is 
omitted. The second embodiment is more preferable to 
the first embodiment, since the module 70 is shaped as 
a square which facilitates further reducing the size of the 2S 
module in comparison with the rectangular module of the 
first embodiment. 

Though the embodiments of the present invention 
have been explained using the insulated gate bipolar 
transistor as the semiconductor element 10, it is to be 30 
clearly understood that the present invention is applica- 
ble to driving circuit devices incorporating bipolar tran- 
sistors, field effect transistors, etc. It is also to be under- 
stood that the present invention is applicable to driving 
circuit devices having a two-phase bridge circuit config- 35 
u rat ion. 

As explained above, the present invention provides 
a driving circuit device, having a bridge connection, with 
a circuit configuration which provides each power semi- 
conductor element with a control input circuit. In the first 40 
embodiment, the chips of the semiconductor elements 
are mounted along the long side of the rectangular base 
plate The chips of the control input circuits are displaced 
from the semiconductor elements along the short sides 
of the base plate and mounted along the long side of the 
base plate. The input and output terminals of the main 
circuit are arranged on one of the sides of the base plate 
along which the semiconductor elements are aligned. 
The control input terminals are arranged on the other 
side of the base plate, along which the control input cir- so 
cuits are aligned. 

In the second embodiment, the chips of the semi- 
conductor elements and the control input circuits arc di- 
vided and mounted along a pair of the sides of the square 
base plate oppositely facing one another. The control in- ss 
put circuits are mounted on the peripheral side of the cor- 
responding semiconductor elements. The control input 
terminals are also divided and arranged on the side 



along th control input circuits are arrang d. The input 
and output terminals of the main circuit are arranged on 
the other pair of the sides of the square base plate op- 
posed facing to one another. The input and output termi- 
nals are connected with the semiconductor elements via 
conductors. And, the control input circuits are connected 
with the control input terminals via wiring boards. 

The present invention that adopts the above de- 
scribed module structures shows the following effects. 

The chips of the control input circuits are mounted 
on the periphery of the chip mounting area of the base, 
and the control input terminals are arranged in the pe- 
riphery of the base in close proximity to the correspond- 
ing control input circuits. Thus, the control signal wiring 
between the control input circuits and their respective 
terminals is shortened to a length short enough to elim- 
inate the conventional capacitor for compensating the 
wiring inductance. This makes it possible to adopt a 
small wiring board for the control signal wiring. As a re- 
sult, the cost and the size of the module are reduced. 

The control input circuit with small chip size is 
enough only to directly control the corresponding power 
semiconductor element. And the control input circuits are 
located in close proximity to the pairing semiconductor 
elements. Thus, the increase of the chip mount area by 
the incorporation of the control function is small. Since 
the control input circuits and the corresponding semicon- 
ductor elements are connected via short bonding wires, 
noise is prevented from entering from the input side of 
the semiconductor elements and the module is protected 
from malfunction. 

By arranging the semiconductor elements constitut- 
ing the upper arm and the lower arm in the predeter- 
mined order, cross wiring of the conductors is prevented 
between the semiconductor elements and the input and 
output terminals of the main circuit. Thus, the chip 
mounting area of the base is utilized effectively and easy 
arrangement of the constituent elements is facilitated. 

The chip mounting area is further reduced by dis- 
posing two sets of the common electrode plate and the 
individual electrode plates, one set for the upper arm 
semiconductor elements and another set for the lower 
arm semiconductor elements respectively, by arranging 
the upper arm semiconductor elements on the common 
electrode plate and connecting the upper arm semicon- 
ductor elements with the respective individual electrode 
plates, and by arranging the lower arm semiconductor 
elements on the respective individual electrode plates 
and connecting the lower arm semiconductor elements 
with the common electrode plate. 

Manufacturing of the chips of the integrated control 
input circuit is facilitated by separating the semiconduc- 
tor clement chips from the control input circuit chips, and 
by mounting the control input circuit chips on electrode 
plates separate from the semiconductor element chips. 

Further, application freedom of the driving circuit 
module is widened by including the power supply termi- 
nals led out from each control input terminal in the control 
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Claims 

1. A driving circuit module comprising: 

a driving circuit device having a main circuit 
including power semiconductor elements connected 
in a bridge circuit connected between a pair of power 
supply points: 

control input circuits for controlling the respec- 
tive semiconductor elements: 

a rectangular base plate; 

chips of the semiconductor elements aligned 
along the long side of the rectangular base plate; 

chips of the control input circuits aligned along 
the long side of the rectangular base plate and dis- 
placed in the direction of the short side of the rec- 
tangular base plate from the corresponding semi- 
conductor elements; 

input and output terminals of the main circuit 
arranged along one of the sides of the rectangular 
base plate, along which sides the semiconductor 
elements are aligned, the input and output terminals 
being connected with the corresponding semicon- 
ductor elements via respective conductors; and 

control input terminals arranged on the other 
of the sides of the rectangular base plate, along 
which sides the control input circuits are aligned the 
control input terminals being connected with the 
respective control input circuits via a wiring board. 

2. A driving circuit module comprising: 

a driving circuit device having a main circuit 
including power semiconductor elements connected 
in a bridge circuit connected between a pair of power 
supply points; 

control input circuits for controlling the respec- 
tive semiconductor elements; 

a square base plate: 

chips of the semiconductor elements arranged 
in two rows aligned along a first pair of the opposed 
facing sides of the square base plate; 

chips of the control input circuits aligned in two 
rows along the first pair of the sides of the square 
base plate: 

input and output terminals of the main circuit 
arranged on a second pair of the opposed facing 
sides of the square base plate, the input and output 
terminals being connected with the corresponding 
semiconductor elements via conductors; 

and control input terminals arranged on the 
first pair of the sides of the square base plate, the 
control input terminals being connected with the 
respective control input circuits via wiring boards. 

3. The driving circuit module according to claim 1 or 
Claim 2. wherein the semiconductor elements con- 



stituting the upper arm of the main circuit are 
arranged in a first area, and the semiconductor ele- 
ments constituting the lower arm of the main circuit 
are arranged in a second area, the first area and the 
5 second area being separated from one another. 

4. The driving circuit module according to claim 1 or 
claim 2, further comprising: a first common electrode 
plate; first individual electrode plates; a second com- 

io mon electrode plate; and second individual elec- 
trode plates, the semiconductor elements constitut- 
ing the upper arm of the main circuit being arranged 
on the first common electrode plate and connected 
with the respective first individual electrode plates, 

is and the semiconductor elements constituting the 
lower arm of the main circuit being arranged on the 
respective second individual electrode plates and 
connected with the second common electrode plate. 

20 s. The driving circuit module according to claim 4, 
wherein one of the input terminals corresponding to 
the power supply points is connected with the first 
common electrode plate; the other input terminal is 
connected with the second common electrode plate; 

2S and the output terminals are connected in common 
with the respective first individual electrode plates 
and the respective second individual electrode 
plates. 

30 6. The driving circuit module according to claim 1 or 
claim 2, wherein the chips of the control input circuits 
are mounted on exclusive electrode plates disposed 
on the base plate separately from chips of the sem- 
iconductor elements, and the control input circuits 

3S are connected with the corresponding semiconduc- 
tor elements. 

7. The driving circuit module according to claim 1 or 
claim 2, wherein the control input terminals include 

40 power supply terminals led out from the control input 
circuits. 

8. The driving circuit module according to claim 1 or 
claim 2, further comprising a case fitted to the base 

45 plate, the case being shaped with a frame having a 
window corresponding to the mounting area of the 
base plate, the semiconductor elements and the 
control input circuits are mounted therein. 

50 
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(54) Driving circuit module 

(57) To suppress the increase of the cost and dimen- 
sions of an intelligent module which incorporates the 
control function with the driving circuit device having a 
bridge circuit for driving inverters etc 

The module (70» has a rectangular base plate (30}. 
along the long side of which are aligned powe r semicon- 
ductor elements (10] Chips o' control input circuts (2C) 
are displaced along the short side of the base plate (30; 
and arranged in close proximity to the corresponding 
semiconductor elements Input terminals (P N) and out- 
put terminals (U. V. W) are arranged on the long siae of 
the base plate (30) along which the semiconductor ele- 
ments (lO)arearranged Control input terminals (Tc; are 
arranged on another long side of the base plate (30; 
The input and output terminals are connected via con- 
ductors (40) with the corresponding semiconductor ele- 
ments (10) And the control inout terminals (Tc) are con- 
nected via a wiring ooard (50) with the corresponding 
control input circuits (20) 
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